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CLAIMS 

\iit<6 ·<~~§i.~~s~&i:b~ff~fug?!:rxiN·;···,.:'./''..;};~'''1~t-X0f'..!(te: ;~;<7T']Z2D(:'10[;·p::;:''.*1tfi*~~;'· 

a first and a second layer of ferromagnetic material separated by a spacer la . _,.~f 

nonmagnetic material, the magnetization direction of said first layer of fe .,> agnetic 

material being sub~ly :"endicular ~ the ma~~on direc~aid second 

layer of ferromagnetic matenal at zero apphed magnetic field; r/7' .. 
a back layer of nonmagnetic electrically conductive ma .~i. adjacent to and in 

contact with said first ferromagnetic layer, said back la ye 

first ferromagnetic layer covering substantially the ent· t ferromagnetic layer; and 

means for maintaining the magnetization in .... ·.· second ferromagnetic layer in a 

desired direction. 

2. A magnetoresistive sensor as in cl · wherein said means comprises an exchange 

bias layer of antiferromagnetic ma ,,: • ··· adjacent to and in contact with said second 

in a desired direction. . .·. 

gnetic layer for providing a bias field in said second 

ltaJrutJ~ the magnetization in said second ferromagnetic layer 

3. A magnetores· .. f sensor as in claim 2 wherein said antiferromagnetic layer is 

comprised of a 1 ·· :terial selected from the group consisting of iron-manganese and 

4. A ,}/ netoresistive sensor as in claim 3 wherein said antiferromagnetic layer is 

compr",,,,1a of an alloy of iron-manganese. 
•.(.' 

·."~· 

5. ,{"~ magnetoresistive sensor as in claim 2 wherein the thickness of said 

--~erromagnetic layer being within the range of about 50 angstroms to about 150 
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nonmagn~tic ~ack layer b.eing about three .mean free path lengths for 7ttion 

electrons m said nonmagnetic back layer matenal. {J7 
8. A ma~~~ve sensor as in claim 6 wherein the thickness o~, nomnagnetic 

back layer bemg within the range of about 4 angstroms to about 1 . ·. ngstroms. 

9. A ma~~is~ve sensor as in claim 6 wherein the thi~ of said no!llllllgnetic 

back layer bemg within the range of about 4 angstroms to . ~ut 60 angstroms. 

10. A magnetoresistive sensor as in claim 1 wherein , : {thickness of said first and said 

second ferromagnetic layers each being within th ·:· e of about 5 angstroms to about 

150 angstroms. .' / 

11. A magnetoresistive sensor as { 10 wherein the thickness of said first 

ferromagnetic layer being within the r · "'e of about 5 ·angstroms to about 30 angstroms. 

12. A magnetoresistive sensor a 

~==~ ==:: ,, 
claim 1 wherein said nonmagnetic spacer layer has 

free path length of conduction electrons in said 

as in claim 12 wherein the thickness of said 

er being within the range of about 10 angstroms to about 40 

angstroms. 

i~sistive sensor as in claim 1 wherein said nonmagnetic spacer layer is 

comprised . . a material selected from the group consisting of silver, gold, copper and 
.. v1: 

alloys o ,:·····1ver, copper and gold. 

15. .r magnetoresistive sensor as in claim 14 wherein said nonmagnetic spacer layer 

. rises a thin film layer of copper. 

;:, · . A magnetoresistive sensor as in claim 1 wherein said nonmagnetic back layer is 

/omprised of a material selected from the group consistDig of silver, gold and copper, 

Fr 17. A magnetoresistive sensor as in claim 16 wherein said nonmagn~tic back layer 

~e0rnm~.Jay~F6f186:Pi>et'Y":w":*t1.:N~~,,,:;;0>~:·f,.-·;,;r-, .. ,,, .. ,"'''~:.:..z::.:.~~· · 
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19. A magnetoresistive sensor as in claim 18 wherein said · cture 

comprises at least one layer of a first ferromagnetic material and at least 

second ferromagnetic material, said layers being alternatively laminated.,,,;P/ 
:·,:. 

20. A magnetoresistive sensor as in claim 18 wherein said first, .. ·~· omagnetic layer 
.}~~-

comprises a thin layer of cobalt and a thin layer of nickel2iron>, ". 

formed adjacent said nonmagnetic spacer layer. ( · 
·''"? 

21. A magnetoresistive sensor as in claim 18 w ,;.·in said first and second 

ferromagnetic layers each comprise a thin layer of co_ ... ,'' and a thin layer of nickel-iron, 

said thin layer of cobalt formed adjacent said no 

22. A magnetoresistive sensor as in claim 2 

.. ,,.,. 

erein the thickness of said thin layer of 

cobalt being within the range of about 0.5 ~': stroms to about 20 angstroms. 

23. A magnetoresistive sensor as in qJ, din_ 1 wherein both said nonmagnetic back layer 

and said nonmagnetic spacer layer ~~dse the same nonmagnetic material. 
-~':f/ 

24. A magnetoresistive sensor.·'· in claim 1 wherein both said nonmagnetic back layer 

and said nonmagnetic spacer ,,; .. /f:r comprise different nonmagnetic materials. 

25. A magnetic storage s £comprising: 

medium having a plurality of tracks for recording of data; 

ma~tic~:J~:=e :o:::::: ::cre:::r: 
said magnetil~age medium, said magnetic transducer including a magnetoresistive 

sensor co f sing: 

a · J;t and a second layer of ferromagnetic material separated by a spacer layer of 

mu;~1etic material, the magnetization direction of said first layer of ferromagnetic 

~rial being substantially perpendicular to the magnetization direction_ of said second 

~~~-~--~, ~---:·'. .. ~_ma:grieiiC~fnai~H~/a~f&aPPfi&t'i:ffiit;gneire:~tm~T'~::::z:-, .. '.···:s.::.::::r.~,..(~"'~-~ 
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contact with ~ first ferro~tic lay~, said back. lay~ being co~ive ~td 
first ferromagnetic layer covering substantially the entire first ferromagnetic Ia ,, -• and 

·•tf 

bias means for maintaining the magnetization in said second fezrrm. :".·"tic layer in 

a desired direction; c/ 
~i 

actuator. means coupled to said magnetic transducer for ,,,/',, '··mg said ml:lgnetic 

transducer to selected tracks on said magnetic storage medium; .. · 
-~"' 

detection means coupled to said magnetoresistive se _ "'or for detecting resistance 
.:/~-

changes in said magnetoresistive sensor in response tqf· agnetic fields intercepted by 

said magnetoresistive sensor, said magnetic fields · .:-~~~ntative of data bits recorded in 

said magnetic storage medium. 

26. A magnetic storage system as in cla · 

exchange bias layer of antiferromagneti 

wherein said bias means comprises an 

terial adjacent to and in contact with said 

second ferromagnetic layer. said an · > , omagnetic layer for providing a bias field in said 

second ferromagnetic layer fi jf'maintaining the magnetization in said second 
:-i:i· 

ferromagnetic layer in a des· _. __ :~x·rection. 

'2:1. A magnetic stDrage,1-. as in claim 26 wherein said antiferromagnetic layer is 

comprised of a mate .:_ "f selected from the group consisting of iron-manganese and 

nickel-manganese. _,<l}f 
28. A ma~srorage sysrem as in claim 26 wherein said magnetoresistive sensor 

further co+s: 

a.~ layer deposited over.said~~ layer; and . . 

,,L_cru_ lead means. depos~ over said cappmg layer for ooupbug S8Jd 

t 'ores1st1ve sensor to said detection means. 

A magnetic storage system as in claim 28 wherein said capping layer comprises a 
s 
'aterJ1t:sekte'difram··ftier:gre~s(}rfS.iifmgIORilitii1iiitL11~kcmrt11m;,~~~ . 
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comprised of a material selected from the group consisting of silver, gold, co,·· 

alloys of silver, copper and gold. 

31. ~ magn~tic storage system as in claim 30 wherein said no::;_; ' ' etic spacer layer 

comprises a thin film layer of copper. ; 

32. A magnetic storage system as in claim 25 wherein saiq(lf~:unagnetic back layer is 
. ~~~ 

comprised of a material selected from the group consist' ·'''.'f f silver, gold and copper. 

33. A magnetic storage system as in claim 32 . _:-" · ein said nonmagnetic back layer 

comprises a thin film layer of copper. 
,~;~tP 

34. A magnetoresistive sensor comprisi y_fJif:.'' 
.-.-~§~· 

a first and a second layer of fer .'f:41'gnetic material separated by a spacer layer of a 

nonmagnetic conductive material . , : direction of magnetization in said first and second 
_,_,/~t~+~ 

layers of ferromagnetic ma ~-( responsive to a magnetic field generated by a sense 

current in said ~:e senso_r being oriented at equal and opposite angles with 

respect to the sensor ,-O:{n.etic easy axis; 
'~=:;,;~ 

a first back ,,.'.i'~ of nonmagnetic electrically conductive material adjacent to and in 

contact with --'~f first ferromagnetic layer, said first ferromagnetic layer disposed 

first back layer and said spacer layer, said first back layer being 

coexte •;·Ve with said first ferromagnetic layer covering substantially the entire first 

a second back layer of nonmagnetic electrically conductive. material adjacent to and 

contact with said second ferromagnetic layer, said second ferromagnetic layer 

disposed between said second back layer and said spacer layer, said second back layer 

being coextensive with said second ferromagnetic layer covering substantially the entire 
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first and said second nonmagnetic back layers each being about three mean free ~ ··. ·;·;:· 

lengths for conduction electrons in said nonmagnetic back layer material, respectiv 

37. A magnetoresistive sensor as in claim 35 wherein the thickness of said,; st and 

said second nonmagnetic back layers each being within the range of about 

about 1000 angstroms. 

38. A magnetoresistive sensor as in claim 35 wherein the thic 

said second nonmagnetic back layers each being within the ran 

about 60 angstroms. 

39. A magnetoresistive sensor as iii claim 34 where· 

said second ferromagnetic layers each being wi 

about 30 angstroms. 

of said first and 

40. A magnetoresistive sensor as in claililf< ' wherein said nonmagnetic spacer layer 

has a thickness less than the mean fr ,>fiP:th length of conduction electrons in said 

nonmagnetic spacer material. 

41. A magnetoresistive sens claim 40 wherein the thickness of said 
~~~:~: 

..:<~ 

nonmagnetic spacer layer b~~- within the range of about 10 angstroms to about 40 
.:,.'t' 
:p··· 

if:!!' 
,..,_~t angstroms. 

:.:'·~f"· 

42. A magnetoresis :. Psensor as in claim 34 wherein said nonmagnetic spacer layer is 

comprised of a .y';:i selected from the group consisting of silver, gold, copper and 
)" 

alloys of silv~f.' pp.er.and gold. . . . . 

43. A ·· tores1stive sensor as m claim. 34 wherem said first and second 

nonmaJ: back layers are comprised of a material selected from the group consisting 
'§P 

of sil: f, gold and copper. 
~f~o/: 

4 .,,,J· A magnetoresistive sensor as in claim 43 wherein said first and second 

nmagnetic back layers each comprise a thin film layer of copper. 

·;.amgtie ;~1stw~;;.se:ns0P:' · ·. · · .: s.tng;~.;:;;:::~;;;•,c.s •)"'., ;';::~!.2:3W": :-Zd.'.'.:t: '?"''""~-:~~ 0 
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no~gneti~ material, ~e direction o~ magnetization ~f s~id first layer o~ fe~r~~ · .,,, ~c 

material bemg substantially perpendicular to the drrect10n of magnetizaq~ said 

second layer of ferromagnetic material at zero applied magnetic field; ... ,', , )\/ . 
·~ .:::~}.~;~ :; ' 

a back layer of nonmagnetic electrically conductive ~~i." adjacent to and in 

=~~:::~:::::fra::::X::r~~=::: 
'" .~}fJ;·~/jy.>~· 

layer. 

46. A 45, the minimwn thickness of said 

no%nmagnetic back~;·"' 'b.g about 4 angstroms. 

4 7 sistive sensor as in claim 45, wherein said nonmagnetic back layer is 
. 

·~:!.~~;,~~lt;o~P,W-;~~;~~~~!~t~t-~~~~f~~~~9~~;E:'}~ 
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STORAGE SYSTEM INCORPORATING SUCH A 

A magnetoresistive read sensor based on the effect is 

described, in which a component 

the cosine of the angle between 

adjacent magnetic layers. 

of the read el _-·e: t resistance varies as 
·/,/~~'{' 

the magneti ,a> ion directions in two 

,,'fi~'lement includes two adjacent 

ferromagnetic layers separated by a p · agnetic metallic layer. A layer 
.r.~f/". 

of nonmagnetic _electrically cond ,) ,:•·ve material is deposited adjacent to 

and in contact with at least J'~-f the ferromagnetic layers (referred to 
s.·>~·· 

as a filter larer) to for ·<Fack or conduction layer which provides a 

low resistance path for:;: transmitted through the 

adjacent filter lay ·"'·~:'ft~he thickness of the filter layer is selected 

such that it effe;.·vely blocks conduction electrons having spins 

antip~rallel >',.:;~e direction of magnetization in the filter layer while 
d;/ 

allowing .{-~uction electrons with parallel spins to be transmitted 

through~ layer into the adjacent back layer. The magnetization of the 

~:::c::.::;·.::y~:·~.1:1:::~~:1;0r::i:~~::dt:·~:~t:::ld 
1
p,ectrons in the back/filter layer. The thickness of the back layer is 

/!I' selected to optimize the sensor parameters being measured and is in a 

~,[,"~~-~:;:~~~~~~~,«:, 91\:'.JJllitli2£'1>Xf~~:'.1~~?232:iJLZ,'-~i..:£.2.:f·'.",·.:~"" 


